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THE EFFECTIVENESS OF RADIAL SHOCKWAVE THERAPY AND SPINAL MANIPULATIVE THERAPY ON 
GLUTEUS MEDIUS TRIGGER POINTS 
 
ABSTRACT 
Purpose: The purpose of the study was to identify the effectiveness of radial shockwave therapy in combination 
with spinal manipulation on active gluteus trigger points and non-specific lower back pain. 
 
Method: A total of forty participants were utilised for the research study and were randomly divided into two groups 
of twenty participants each. Group 1 received radial shockwave therapy on gluteus medius trigger points and spinal 
manipulative therapy on L4-S1 levels. Group 2 received detuned ultrasound on gluteus medius trigger points and 
spinal manipulative therapy on L4-S1 levels. A total of six treatment sessions were required over a three-week 
period 
 
Results: With regards to the subjective data readings, the results from the Visual Analogue scale from the 
intragroup analysis indicated that both groups improved over the treatment period, the radial shockwave group 
showed the greatest improvement (64,35%). The radial shockwave group and the detuned ultrasound groups 
yielded p-values of 0.00 and 0.00 respectively. The intergroup analysis showed a statistical significant difference 
between groups and showed that the radial shockwave group was the superior group. With regards to the objective 
measurements, the intragroup analysis of the pressure algometer readings indicated that the radial shockwave 
group showed the greatest improvement (51,76%) over time. The radial shockwave group and the detuned 
ultrasound groups yielded p-values of 0.00 and 0.01 respectively. There was no statistically significant difference 
with intergroup analysis.  
 
Conclusion: The results showed that both treatment group protocols were effective in reducing the active gluteus 
medius trigger point pain and the non-specific lower back pain. 
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INTRODUCTION 
 
The interest in musculoskeletal disorders such as myofascial pain syndrome and trigger points has been on the 
increase, this can be seen in the amounts of literature, reviewed articles and cases studies been published globally 
(Dommerholt, Hooks, Finnegan and Grieve, 2016). Myofascial pain syndrome is a condition that is characterised 
by local pain and stiffness with the presence of hyperirritable band called myofascial trigger points. These trigger 
points can cause referred pain to several areas of the body (Gleitz and Hornig, 2012; Travell and Simons, 1999). 
Trigger points can be classified either as active or latent depending on the presence of specific referral patterns 
that are created with or without palpating the taut bands in the muscle. Active gluteus medius trigger points for 
instance may refer pain to lower back and has frequently been misdiagnosed as non-specific lower back pain 
(Travell and Simons, 1999). Over the year’s various theories and treatment protocols on myofascial pain have 
been researched and implemented by numerous specialist and therapist that practice conservatively. There are 
invasive therapies such as dry needling and injection of medication. Non-invasive therapies that include ultrasound, 
laser, massage and stretching. Results show indifferent evidence and efficacy (Ramon, Gleitz, Hernandez and 
Romero, 2015; Ji, Kim, and Han, 2012). 
 
Radial shockwave therapy is among the alternative modalities being used to treat a variety of different 
musculoskeletal conditions. It is a non-invasive treatment and ideal for musculoskeletal conditions that have failed 
to respond to other conservative treatment protocols (Gerdesmeyer and Weil, 2007). Whilst experience with radial 
shockwave therapy and clinically based researched on treating musculoskeletal conditions like myofascial pain is 
still limited, this form of treatment may offer an alternative (Gerdesmeyer and Weil, 2007; Ramon et al., 2015). 
 
The aim of the study was to determine the effectiveness of radial shockwave therapy and spinal manipulation 
therapy of the lumbar spine on gluteus medius trigger points. The study may prove that radial shockwave therapy 
in combination with spinal manipulative therapy would decrease myofascial trigger points found in the gluteus 
medius muscle. This may benefit chiropractors to have a better understanding of gluteus medius trigger points. 
The results of the study may also prove to be an alternative non-invasive form of treatment of myofascial trigger 
points. 
 
Trigger points 
A myofascial trigger point is defined as a hyperirritable spot of skeletal muscle that is associated with a 
hypersensitive palpable nodule in a taut band. The spot is tender when pressed, and can give rise to a 
characteristic referred pain, motor dysfunction and autonomic phenomena (Travel and Simons, 1999). This 
suggest that each trigger point has three components to it. A motor, sensory and autonomic component. These 
factors are all explained in the integrated hypothesis theory which will be discussed later (Dommerholt and 
Huijbregts, 2011). 
 
The following criteria can be used to successfully identify myofascial trigger points: 
 Flat palpation or pincer grip techniques can be used to palpate a taut band of muscle. 
 Spot tenderness can be located over a taut band. 
 Referred pain and symptoms can be reproduced during palpation of the nodules. 
 The presence of a local twitch response is a distinctive feature of a myofascial trigger point (Dommerholt 
and Huijbregts, 2011). 
 
The integrated hypothesis is suggested to be an abnormal depolarisation of the post junctional membrane of the 
motor endplate. This causes a local energy crisis which is associated with sensory and autonomic reflex arcs that 
are sustained by complex sensitization mechanisms (Travell and Simons, 1999; Dommerholt and Huijbregts, 
2011). The integrated hypothesis combines information from electrophysiological and histopathological sources 
that indicate a sequence of events that lead to the development of myofascial trigger points. The positive feedback 
cycle can be summarised by figure 2.8 that demonstrates the sequence of events: 
 
 Abnormal acetylcholine release is regarded as the initial event following acute or chronic overload of a 
muscle. This causes a dysfunctional motor endplate whereby excessive acetylcholine is released by the 
endplate into the neuromuscular junction. The excessive acetylcholine activates acetylcholine receptors 
in the post junctional membrane and produces an increased number of small endplate potentials. This 
produces endplate noise (EPN) or sustained electric activity (SEA) and generates a sustained partial 
depolarization that leads to a local energy demand (Dommerholt and Huijbregts, 2011, Travell and 
Simons, 1999). 
 The sustained depolarization and excessive acetylcholine results in increased muscle tension. The 
increased muscle tension accounts for an increased release of calcium from the sarcoplasmic reticulum 
that produces local sarcomere contraction. Regions of severely contracted sarcomeres and surrounding 
regions of lengthened sarcomeres can be found within the same muscle fiber. If multiple muscle fibers 
are involved in this process, palpable knots and taut bands of muscles that are known as myofascial 
trigger points are created (Dommerholt and Huijbregts, 2011, Travell and Simons, 1999). 
 Within the centre of these myofascial trigger points are areas of severe hypoxia, however, the surrounding 
tissues are oxygenated normally. Severely shortened sarcomeres have an abnormally high oxygen 
demand to maintain their continuous maximal contraction. Increased tension of shortened sarcomeres 
and the compensatory stretched sarcomeres compress circulation and create local tissue ischaemia 
(Dommerholt and Huijbregts, 2011, Travell and Simons, 1999). 
 Local tissue ischaemia and hypoxia lead to compromised glycolytic and aerobic energy supply to the 
muscle fibers. This results in a reduction in adenosine triphosphate (ATP) as well as the release of 
sensitizing substances that lead to tissue distress (Dommerholt and Huijbregts, 2011, Travell and Simons, 
1999). 
 Sensitizing substances that include bradykinin, substance-P, tumour necrosis factor alpha (TNF-α), 
calcitonin gene related peptide (CGRP), serotonin, norepinephrine and interleukin 1β have been found to 
be more significant and consistently greater in active trigger points than in latent trigger points. This 
explains the local tenderness and referred pain that are associated with active trigger points (Dommerholt 
and Huijbregts, 2011, Travell and Simons, 1999). 
 The SR calcium pump requires ATP to function optimally and due to the low concentration of ATP, caused 
by the energy crisis, the uptake of calcium by the SR is compromised by the trigger point. Thus, an 
impaired uptake of calcium into the sarcoplasmic reticulum would expose the contractile elements to a 
further increase in calcium concentration and contractile activity (Dommerholt and Huijbregts, 2011, 
Travell and Simons, 1999). 
 The final step in this sequence is somewhat speculative, but suggests that acetylcholine release from the 
motor endplate is controlled by the autonomic nervous system. The amount of endplate noise is directly 
proportionate to the rate of acetylcholine release at the endplate. As acetylcholine levels are elevated by 
anxiety and nervous tension, the positive feedback loop is reinforced and myofascial trigger points are 
exacerbated (Dommerholt and Huijbregts, 2011, Travell and Simons, 1999). 
 
Gluteus Medius Trigger Points 
There are three commonly found trigger points within the gluteus medius muscle.1) near the posterior superior iliac 
spine, 2) mid iliac crest, 3) lateral iliac crest: 
 Trigger point 1 refers pain to the gluteal cleft, gluteal fold and sacroiliac joint (Vizniak, 2011). TrP1 refers 
pain and tenderness primarily along the posterior crest of the ilium, to the region of the sacroiliac joint, 
and over the sacrum on the same side; pain may also extend over much of the buttock (Travell and 
Simons 1999). 
 Trigger point 2 refers pain to the entire buttock and posterior proximal thigh (Vizniak, 2011). The region 
where TrP2 is found is also just below the iliac crest, along the length of the crest. Pain referred from 
TrP2 is projected more laterally and to the mid-gluteal region; it may extend into the upper thigh 
posteriorly and laterally (Travell and Simons 1999). 
 Trigger point 3 refers pain over the sacrum, coccyx and gluteal cleft (Vizniak, 2011). The region where 
TrP3 is likewise just below the iliac crest, but is near the anterior superior iliac spine. Pain from TrP3 is 
projected primarily along the iliac crest, over the lowest lumbar region, and bilaterally over the sacrum 
(Travell and Simons, 1999). 
 
Spinal manipulation therapy 
Spinal manipulation is the primary tool in a chiropractor’s arsenal and the basis on which the profession operates 
in a clinical practice. According to Bergman and Peterson (2011), doctors of chiropractic view the human being as 
a dynamic, integrated and complex living thing who has the innate capacity for self-healing. The chiropractic health 
care system focusses on the evaluation and treatment of the neuromusculoskeletal based disorders (Bergman and 
Peterson, 2011). Pre-treatment evaluation consists of a history taking, physical assessment which includes 
palpation and joint mobility, orthopaedic testing, special investigations and tests. Treatment procedures may 
include a variety of techniques that can be utilised on its own or combined for optimal effect on joint range and 
quality of motion. Manual therapies include mobilization, which is a non-thrust high amplitude low velocity technique 
and manipulation, characterised as a low amplitude high velocity thrust applied to a specific restricted joint and 
commonly associated with an audible articular crack (cavitation). Other therapies consist of soft tissue massage, 
physical therapy modalities, myofascial work, stretching techniques and patient ergonomic, as well as lifestyle, 
rehabilitation and dietary advice (Bergman and Peterson, 2011). 
 
For chiropractors, the crucial area of interest is the elastic barrier of resistance as it is the part where joint play and 
segmental end feel is examined. Defined as the passive motion, elasticity or give in a joint found at the end of 
passive range of motion (ROM), joint play is used to identify the disturbances or alterations in range of motion and 
used to recognize dysfunctional segments. The elastic barrier can evolve, either short term to adapt in response 
to local soft tissues and environmental changes, and long term with degenerative changes, ageing or 
deconditioning. This is important to note as it will have an impact on the manipulation therapy applied to the specific 
joint segment. The chiropractic manipulation therapy works within the paraphysiological space (Esposito and 
Philipson, 2005). 
 
The clinical effect of chiropractic spinal manipulative therapy includes: 
 Increase active and passive range of motion of the joint. 
 Increase skin pain tolerance and paraspinal muscle pressure pain tolerance. 
 Reduce pain and muscle electric activity. 
 Release entrapped meniscoid tissue and synovial fold. 
 Breaking down of contractile adhesions and collagen adhesions in soft tissue. 
 Effects on the intervertebral disc to restore normal functionality (Esposito and Philipson, 2005). 
 
Radial Shockwave therapy 
Shockwaves can be defined as transient pressure oscillations that spread in three dimensions and typically bring 
about a clear increased in pressure over a short time. The most common method of creating shockwaves are 
through mechanical generation. This is based on ballistics, of which compressed air rapidly accelerates a projectile 
which hits an applicator placed on the skin at very high speed. With the aid of coupling gel, the impact pressure 
created by the applicator enters the tissue by way of pressure waves. These waves are spherical or ball shaped 
and travel in a radial fashion hence the name radial shockwave (Gerdesmeyer and Weil, 2007). Focused and radial 
shock waves differ in the way they are generated. As previously mentioned radial shockwaves are created through 
ballistics by collision of solid bodies. The pressure and energy spreads through the tissue but by doing so, loses 
energy intensity quicker. This means the radial shockwave can be used over an extensive muscle group area. 
Focused shock waves are generated in the device head (electrohydraulic, electromagnetic or piezoelectric 
principle) and then concentrated in the tissue towards a focus point (Gleitz and Hornig, 2012). 
 
Focused shockwaves propagate through a medium without any loss and without any changes in the acoustic 
properties. This explains the beneficial property of focused shock waves to irritate trigger points with high local 
tissue pressures and to induce local and referred pain. Their disadvantage is that they can only be applied to a 
small treatment zone (Gleitz and Hornig, 2012). The effects of shockwave therapy are pain reduction, increasing 
metabolism, revascularisation and reducing muscle spasm (Gerdesmeyer and Weil, 2007). 
 
MATERIALS AND METHODS 
 
Participant selection 
To be included in the study, participants had to comply with the following: 
 Either genders 
 Within 18-45-year age group: Using participants over 18 years of age allows them to give informed consent 
for themselves. Participants under 45 years of age were used to avoid early stages of degenerative joint 
diseases which is common for older age groups. Prevalence for lumbar degenerative joint disease increases 
dramatically after the age of 50 (Carnes and Vizniak, 2011). 
 Active gluteus medius trigger points had to be present per the following diagnostic criteria by Travell and 
Simons (1999):  
o The presence of a hyperirritable palpable nodule within a taut band of muscle, 
o Spot tenderness on palpation. 
o When pressure was applied on spot tenderness, a characteristic referral pain would arise from the 
posterior iliac crest towards the sacroiliac joint and over sacrum, extending over most of buttock, 
along the entire length of the iliac crest, into the upper thigh posteriorly and laterally. From the 
anterior superior iliac spine along the iliac crest over the lower lumbar region. 
 Restrictions within the lumbar spine were assessed by means of motion palpation, evaluating the quality of 
motion and end-feel of joints between two lumbar vertebrae. Any alteration during this evaluation suggested 
that a restriction within the joint was present (Esposito and Philipson, 2005). 
 
Participants were excluded if they had the following: 
 On history taking, physical and lumbar regional examinations, suggested evidence of chiropractic spinal 
manipulative therapy be contra-indicated (Appendix D). 
 On history taking, physical and lumbar regional examination, suggested evidence of radial shockwave 
therapy be contra-indicated (Appendix E). 
 Had taken part in any other therapy (physiotherapy, chiropractic, biokinetics etc.) or taken any analgesic 
medication that might have interfere with the outcome of this research study. 
 
Methodology 
A variety of students, patients and the public that presented to University of Johannesburg Chiropractic Clinic with 
lower back and active gluteus medius trigger points were utilised for this research study. Participants were recruited 
through word of mouth and through placement of advertisements (Appendix A) within and around the chiropractic 
clinic and campus. All participants had to adhere to a strict inclusive and exclusive criterion to become allocable. 
 
At the first consultation participants were asked to sign the consent form (Appendix C) before the start of the 
treatment process. Participants then drew a number out a hat to place them either in group 1 or in group 2. The 
researcher then completed a case history (Appendix F), physical examination (Appendix G) and a lumbar spine 
regional (Appendix H) that included assessing gluteus medius trigger points and lumbar spine restrictions. All the 
information gathered was written on the subjective/objective/assessment/protocol (S.O.A.P.) notes (Appendix I). 
Before any treatment was administered, all participants were required to complete a visual analogue scale 
(Appendix J). Pain readings were taken with a handheld pressure algometer and measurement were recorded 
(Appendix K). Participants in group 1 received radial shockwave therapy on gluteus medius trigger points, found 
during the regional examination, and chiropractic spinal manipulation therapy to the lumbar spine at L4/5 or L5/S1 
depending on where the restriction was found. Participants in group 2 received detuned ultrasound therapy on 
gluteus medius trigger points and chiropractic spinal manipulation therapy at the same levels as group 1. 
 
Participants were requested to complete another visual analogue scale form on the fourth and seventh consulting 
sessions. Pain readings were taken on the fourth and seventh consulting sessions with the pressure algometer. 
During all the follow up visits, participants received radial shockwave therapy and chiropractic spinal manipulation 
therapy, or detuned ultrasound and chiropractic spinal manipulation therapy depending on which group they were 
in. A total of six treatments took place over a period of three weeks. The seventh visit was used for subjective-and 
objective data collection and no treatment was administered as seen in figure 3.1 
 
Visual analogue scale 
Subjective data was collected by using a visual analogue scale and was completed on the fourth and seventh 
consulting sessions. Participants of the study were asked to grade their pain level experienced at that moment on 
a scale of 0 to 10. Zero indicated “no pain”, 5 indicated “moderate pain” and 10 indicated the “worst pain 
imaginable”. The assessment of pain can be simple and straight forward. Because pain is such a subjective, 
personal, and private experience, assessing pain in patients with whom we cannot communicate well is difficult 
(Breivik, Borchgrevink, Allen, Rosseland, Romundstad, Breivik Hals, Kvarstein and Stubhaug, 2008). 
  
The visual analogue scale and numeric pain rating scale for assessment of pain intensity agree well and are equally 
sensitive in assessing acute and chronic pain, and they are both superior to a four-point verbal categorical rating 
scale. There are some restrictions with this, as memory of pain is not accurate and often changes with the influence 
of external factors. Pain rating scales like visual analogue scale and numeric pain rating scale are also useful to 
assess the impact of pain and the effects it has on normal daily function, as patients will be able the grade their 
pain or discomfort (Breivik et al., 2008). 
 
Pressure algometer 
Pain is a protective measurement for the body, it occurs whenever any tissue is damaged. The pain receptors in 
the skin are all free nerve endings which are widespread in the superficial layer of the skin. In contrast to other 
sensory receptors of the body, pain receptors adapt very little or sometimes not at all. The excitation of the pain 
fibres become greater especially for slow aching type pain (Guyton and Hall, 1996). Pressure pain threshold is 
well-defined as the minimum force applied which induces pain. Pressure pain threshold measurers are used in a 
clinical setting to determine the so called “hot spot” of tenderness. It is often used to diagnose myofascial pain 
dysfunction syndrome and myofascial pain syndrome characterised by tender myofascial trigger points. The term 
algometer, may imply pressure tolerance testing, the maximum amount of pressure one can endure, however it is 
used to identify the point at which pressure sensation is sensed as pain (Kinser, Sands and Stone, 2009). 
 
A hand-held pressure algometer device was used to objectively take readings of pain on active gluteus medius 
trigger points. Measurement were taken on the first, fourth and seventh sessions and recorded (Appendix K). In 
this study, participants were required to lie face down (prone position) on the examination table. The gluteal area 
was then adequately exposed and active trigger points were located by means of digital palpation and the most 
active and most tender trigger point was marked with a marker. The hand-held device was then kept at right angles 
to the skin and pressure was applied slowly and directed towards the trigger point. Readings were then taken from 
the point when the participant first perceived pain and verbally expressed discomfort to the applied pressure. Three 
consecutive measurements were taken to establish an average reading. The same trigger point was assessed and 
measured each time and measurements were recorded in kilograms of pressure per square centimetre (kg/cm2). 
The use of a pressure algometers have shown to be effective in quantifying pressure pain threshold. The use of 
pressure pain threshold assessment by algometry is a reliable tool of measuring a subjects’ pain (Potter, McCarthy 
and Oldham, 2006).  
 
Chiropractic Spinal Manipulation 
After assessing the motion palpation of the lumbar spine and restriction were located specifically at the L4/5/S1 
level, the restrictions were manipulated (Esposito and Philipson, 2005). 
 
Radial shockwave therapy treatment 
The following protocol was implemented with regards to radial shockwave therapy on gluteus medius trigger points: 
 The participant was asked to lie prone on the treatment bed.  
 The researcher carefully exposed the area of treatment and located the most active gluteus medius trigger 
point through palpation (if more than one trigger point was found), and was written down on the S.O.A.P. 
note. This ensured that the same trigger point was treated throughout the study period.  
 Coupling gel was applied to the area of treatment to ensure acoustic wave efficiency.  
 The correct settings (intensity 2.0 bar; 2000pulses; frequency 15Hz) was entered into the shockwave unit 
(Ramon, Gleitz, Hernandez and Romero,2015) 
 The shockwave hand piece was the held against the skin at right angles and a small amount of pressure 
was applied by the researcher to feel the trigger point against the head piece. 
 Only once the participant was informed, did the treatment start. During the treatment, the researcher 
moved the head piece slightly to ensure the trigger point was worked thoroughly. 
  The pulses counted down until all 2000 pulses were delivered and the unit shut down. 
 After treatment ended, the area was inspected for any adverse reactions and cleaned (Gleitz and Hornig, 
2012; Ramon et al.,2015)  
 
Detuned Ultrasound 
The following protocol was implemented with regards to the detuned ultrasound treatment: 
 The dynatron ultrasound machine was provided by the UJ chiropractic clinic. 
 The participant was asked to lie prone on the treatment bed.  
 The researcher carefully exposed the area of treatment and located the most active gluteus medius trigger 
point through palpation (if more than one trigger point was found), and was written down on the SOAP 
note. This ensured that the same trigger point was treated throughout the study period.  
 Coupling gel was applied to the area to allow smooth movement of the ultrasound head.  
 The unit was turned on and timer was set at 5min. 
 No setting values were applied to ensure no physiological effects occurred and was a pure placebo effect. 
 The researcher held the ultrasound head at right angles and placed it on the skin over the trigger point. 
Circular motions were used to move the ultrasound head around the treatment area. 
 After treatment ended, the area was inspected and cleaned (Lakhani et al., 2009) 
 
RESULTS 
 
The following tests were done during the analysis of the study: Shapiro-Wilks test; Friedman test; Post-Hoc test 
with a Bonferroni adjustment; Wilcoxon signed ranks test and Independent Samples T-test which included 
Levene’s test as well. These tests determined whether a statistical significant difference had occurred between 
group 1 and group 2. 
The probability level (p-value) was set at p ≤ 0.05. If the p-value was less or equal to 0.05 (p≤ 0.05) it indicated a 
significant difference between groups or over time. If the p-value was greater than 0.05 (p> 0.05) it indicated no 
significant difference between groups or over time.  
 
The Shapiro-Wilks test was used to determine if the data was normally distributed between the groups. The reason 
for using this test is due to the sample size being less than 50 participants. A p-value greater than 0.05 indicated 
a normal distribution. The Friedman test was used for intragroup analysis. This is a non-parametric test and was 
performed due to the sample size of each group not being large enough. The assumption for repeated measures 
were not adhered to. Each group was compared individually over time. These tests were performed to identify if 
any treatment had an effect. 
 
Further intragroup analysis was required and a Post-Hoc test with a Bonferroni adjustment (adjustment to p-value/ 
significance level when several statistical tests are performed on a single data set) was done followed by the 
Wilcoxon signed ranks test. By comparing the smallest p-value of each variable against a significant level of 0.025 
and the largest p-value against a significant level of 0.05 to identify where the difference occurred over time. These 
tests were performed to compare the changes that occurred between visits 1 and 4, and visit 4 and 7. 
 
Non-parametric test uses a ranking system to show which group and which visit had the best ranking. This is done 
so that the statistical analysis does not get affected by outliers (a value that lies an abnormal distance from other 
values in a random sample from a population). The Independent Samples T-test was used to perform the intergroup 
analysis. It has two parts. The Levene’s test for equality of variance and the T-test for equality of means. This test 
would indicate which treatment in comparison had the best result. 
 
Visual analogue scale: Intragroup analysis 
The subjective data analysis of group 1 yielded the following results concerning the VAS scores. Visit 1 yielded a 
mean value of 5.75, visit 4 yielded a mean value of 4.33 and visit 7 yielded a mean value of 2.05. Thus, the 
difference between the initial and final visit was 3.65, which meant that the percentage change generated a 
decrease of 64.35% as seen in table 4.2. Further intragroup analysis using the Friedman test resulted in a p-value 
of 0.00 for group 1, which is ≤ 0.05. This indicated that there was a statistical significant change over time. 
 
The subjective data analysis of group 2 yielded the following results concerning the VAS scores. Visit 1 yielded a 
mean value of 6.05, visit 4 yielded a mean value of 4.40 and visit 7 yielded a mean value of 3.60. Thus, the 
difference between the initial and final visit was 2.45, which meant that the percentage change generated a 
decrease of 40.5% as seen in table 4.3. Further intragroup analysis using the Friedman test resulted in a p-value 
of 0.00 for group 2, which is ≤ 0.05. This indicated that there was a statistical significant change over time. 
  
Further intra group analysis was performed by using the Post-Hoc test with a Bonferroni adjustment and the 
Wilcoxon signed ranks test. Group 1 produced p-values of 0.00 (between visit 1 and visit 4) and 0.00 (between 
visit 1 and 7). Group 2 produced p-values of 0.00 (between visit 1 and visit 4) and 0.00 (between visit 1 and 7). On 
both occasions the p-values were ≤ 0.025 and ≤ 0.05 for the Post-Hoc test. Thus, both groups showed significant 
change over time. Figure 4.1 illustrates an initial Visual Analogue Scale mean value of 5.75 for group 1 and a final 
mean value of 2.05. This shows a reduction of 64.35% in pain levels over the study period. For group 2 the initial 
mean value was 6.05 and a final mean value of 3.60. This shows a reduction of 40.50% in pain levels over the 
study period. 
 
Visual analogue scale: Inter-group analysis 
The Independent Samples T-test was used to perform the intergroup analysis. Part one of the test, the Levene’s 
test, resulted in p-values of 0.24 for visit 1, 0.45 for visit 4 and 0.25 for visit 7. The p-values for visit 1, 4 and 7 were 
> 0.05 and thus it can be assumed that all the variance from visit 1, 4 and 7 were equal.  
 
The second part of the Independent samples t-test resulted in an initial p-value of 0.45 and a final p-value of 0.002. 
The final p-value was ≤ 0.05 and indicated that there was a significant difference between groups. Thus, the radial 
shockwave group (group 1) was the better treatment intervention. 
 
Pressure algometer: Intra group analysis 
The objective data analysis of group 1 yielded the following results concerning the pressure algometer readings. 
Visit 1 yielded a mean value of 4.25 kg/cm². Visit 4 yielded a mean value of 5.32 kg/cm². Visit 7 yielded a mean 
value of 6.45 kg/cm². Thus, the difference between the initial and final visit was 2.2 kg/cm² which meant that the 
percentage change generated an increase of 51.76% seen in table 4.4. Further intragroup analysis using the 
Friedman test resulted in a p-value of 0.00 for group 1, which is ≤ 0.05. This then indicates that there was a 
statistical significant change over time. 
 
The objective data analysis of group 2 yielded the following results concerning the pressure algometer readings. 
Visit 1 yielded a mean value of 4.88 kg/cm². Visit 4 yielded a mean value of 5.35 kg/cm². Visit 7 yielded a mean 
value of 5.64 kg/cm². Thus, the difference between the initial and final visit was 0.76 kg/cm² which meant that the 
percentage change generated an increase of 15.57 % seen in table 4.5. Further intragroup analysis using the 
Friedman test resulted in a p-value of 0.01 for group 2, which is ≤ 0.05. This then indicates that there was a 
statistical significant change over time. 
 
Further intra group analysis was performed by using the Post-Hoc test with a Bonferroni adjustment and the 
Wilcoxon signed ranks test. Group 1 produced a p-value of 0.00 (between visit 1 and visit 4) and 0.00 (between 
visit 1 and 7). Group 2 produced a p-value of 0.046 (between visit 1 and visit 4) and 0.00 (between visit 1 and 7). 
On both occasions the p-values were ≤ 0.025 and ≤ 0.05 for the Post-Hoc test. Thus, both groups showed 
significant change over time. Figure 4.2 illustrates the mean values of the pressure algometer readings. During the 
initial visit, group 1 had a mean value of 4.25kg/cm² and group 2 had a mean value of 4.88kg/cm². During the final 
visit group 1 had a mean value of 6.45kg/cm² and group 2 had a mean value of 5.64kg/cm². This indicated an 
increase in pain threshold of 51.75% for group 1 and an increase of 15.57% for group 2. 
 
Pressure algometer: Inter group analysis 
The Independent Samples T-test was used to perform the intergroup analysis. Part one of the test, the Levene’s 
test, resulted in p-values of 0.35 for visit 1, 0.12 for visit 4 and 0.26 for visit 7. The p-values for visit 1, 4 and 7 were 
> 0.05 and thus it can be assumed that all the variance from visit 1, 4 and 7 were equal.  
 
The second part of the Independent samples t-test resulted in an initial p-value of 0.17 and a final p-value of 0.08. 
These p-values are > 0.05 which means there was no significant difference between groups. Thus, statistically no 
treatment intervention was superior. 
 
DISCUSSION 
 
According to a statistical analysis study done by Tashjian, Deloach, Porucznik and Powell (2009), the minimal 
clinical important difference (MCID) for VAS measuring pain was 1.4 out of 10 which suggests a >14% indicates a 
clinically significant difference. Both the radial shockwave group and the detuned ultrasound group showed 
percentage changes of 64.35% and 40.5% respectively, which suggests a clinical significant change (Tashjian et 
al, 2009). Thus, both groups improved over time 
 
The results can be compared to a study by Ji, Kim, and Han, (2012) that also had a treatment and control group. 
The study performed 4 sessions of extracorporeal shockwave therapy on trapezius muscle with myofascial pain 
syndrome over a two-week period. The study used a visual analogue scale for subjective readings and showed 
that the treatment group had a pre-test mean score of 4.91 and post test score of 2.27 which indicates a 26,4 % 
reduction in pain levels (Ji et al, 2012). 
 
Pain is a product of inflammation that occurs on a cellular and biochemical level. In a study by Sukubo, Tibalt, 
Respizzi, Locati and d’Agostino (2015) the effects of shockwave therapy on macrophages, focussed on tissue 
regeneration and remodelling. The study showed that the classic macrophages (M1) that is prevalent during the 
initial phase of inflammation was inhibited by the shockwave therapy. The M1 macrophages are responsible for 
tissue damage by releasing pro-inflammatory cytokines and proteinase which causes pain. The study also showed 
that the shockwave therapy had a synergistic effect on the alternative macrophages(M2). These M2 macrophages 
produce anti-inflammatory cytokines and interleukins that promote tissue healing and reduces pain (Sukubo et al., 
2015). This suggests that shockwave has a biological effect on the gluteus medius trigger point and substantiates 
the difference in percentage change between groups.  
The biomechanical effects of spinal manipulative therapy could have resulted in a reduction in pain produced by 
the trigger points in gluteus medius. This can be seen in a study by Walter (2009) where spinal manipulative 
therapy effected the EMG activity (Electromyography) of the muscles in the underlying treatment area. This 
suggested that there was a reflex response to the spinal manipulation. The hypotonic muscles were also treated 
and EMG activity was measured. These muscles relaxed and EMG activity decreased, thus decreasing the pain 
(Herzog, 2010). 
 
In study by Motellah, Ghesari, Shokri and Sobhani (2016) the effects of spinal manipulation therapy on the EMG 
of vastus lateralis and gluteus medius muscles in patellar femoral pain syndrome (PFPS) was tested. Patients with 
PFPS have a high prevalence to gluteus medius trigger points, therefore any improvement or deactivation of these 
trigger points following the SMT will thus have a mechanism related to the improvement of gluteus medius activity 
on an EMG. The results showed a decrease in pain when performing a step-down test in the treatment group as 
compared to the control group that used a sham manipulation (Motellah et al, 2016). Thus, influencing the gluteus 
medius trigger point pain. 
 
Therefore, the spinal manipulation therapy at the L4-S1 level refers to the VSC and the effects it has on a 
kinesiology and neuropathophysiological level. Restoring range of motion and joint mobility can reduce pain. 
Increasing the space of the IVF and reducing pressure on the nerve root that causes decreased nerve supply to 
the gluteus medius muscle and improves the neurological function of the gluteus medius muscle (Gatterman,2005, 
Bergman and Peterson 2011 and Lantz 1989). 
 
The Independent Samples T-test initially showed no significant difference in subjective pain levels between group 
1 and group 2. The p-values for visit 1 and 4 were 0.45 and 0.86 respectively thus greater than 0.05. However, on 
visit 7 the p-value was 0.00 which is less or equal to 0.05 and thus indicates a significant difference in pain levels 
between groups  
 
The reduction in pain levels and tenderness of gluteus medius trigger point can be due to the biological effect of 
radial shockwave therapy. Reducing the muscle spasm that is created by trigger point formation. Promoting 
angiogenesis and eliminating the excessive levels of calcium ions found at the musculotendinous junction caused 
by the energy crisis and local tissue ischaemia. (Gerdesmeyer and Weil, 2007; Dommerholt and Huijbregts, 2010). 
 
The percentage change GROUP 1, between the initial and final visit, showed a decrease in pain of 51.76%. The 
percentage change GROUP 2, between the initial and final visit, showed a decrease in pain of 15.57%. Thus, both 
groups showed statistical significant change over time. This can be compared to a study done by Srbely, Vernon, 
Lee and Polgar (2013) where the immediate effect of spinal manipulation therapy on regional anti-nociceptive 
effects on myofascial tissues. This study measured pain pressure thresholds on infraspinatus and gluteus medius 
trigger points. This was followed by a spinal manipulation of the cervical spine, specifically C5/6 level and 
manipulation of the lumbar spine at L4-S1 levels. This was compared to a sham manipulation. This study yielded 
that the SMT alone didn’t elicit a statistical significant change. However clinical significant change was noticed 
(Srbely et al, 2013 
 
The Independent Samples T-test showed no statistical difference between groups. It resulted in p-values for visit 
1, 4 and 7 was 0.17, 0.96 and 0.08 respectively (p>0.05). This suggests that statistically there is no evidence to 
prove that group 1 was more superior than group 2 or vice versa. The statistics yielded no significant difference, 
however clinically it did. The percentage change between groups suggested that shockwave receiving group had 
a bigger impact on the pressure pain threshold on the gluteus medius trigger point. This can be backed by feedback 
given after the trial by patients. The tenderness in trigger points where less active in group 1 than in group 2. 
 
CONCLUSION 
 
Based on the results of the VAS, both the radial shockwave group and detuned ultrasound group showed statistical 
improvements in reducing the subjective pain levels of the participants. The radial shockwave group proved to be 
the superior form of treatment, yielding more favourable results both statistically and clinically. 
 
According to the algometer readings, both the radial shockwave group and the detuned ultrasound group showed 
statistically significant improvements in decreasing the pain threshold of participants and improving pain tolerance 
over the treatment period. Although the radial shockwave group showed slightly better results than the detuned 
ultrasound group, there was no statistical significant difference between the groups. This suggests that no 
treatment protocol was more effective in the treatment of gluteus medius trigger points and non-specific lower back 
pain, when referring to the algometer readings. However, it is suggested that for more statistically favourable 
results, a stricter protocol regime should be applied. 
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